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Abstract
Background: The cumulative effects of adverse social factors on the diabetes risk remains to be clarified.
Design: Cross-sectional analysis of the US National Health and Nutrition Examination Survey (NHANES) 1999–2006.
Methods: We included 10,276 adults aged 20 years. Diabetes mellitus was defined by physician diagnosis or fasting
plasma glucose (126mg/dl) or glycated hemoglobin (6.5%). Social risk factors (low family income, low education level,
minority racial/ethnic group status, and single-living status) and health-related behaviors (physical activity and dietary
intake) were self-reported. Social risk factors were combined in a cumulative social risk index (range 0 to 3) and logistic
regression used to assess the association of cumulative social risk and diabetes, taking into account complex survey
design and sampling weights.
Results: Of 10,276 participants, 1515 (weighted proportion – 10%) had diabetes, 3295 (32.3%) and 1830 (9.0%) were
exposed to 1 adverse social risk factor and 3 social risk factors, respectively. Diabetes was associated with increasing
cumulative social risk in a graded manner (p for trend <0.001). Compared with a cumulative social risk score of 0, the
age- and sex-adjusted diabetes odds for a cumulative social risk score of 3 was 2.84 (95% confidence interval: 2.23–
3.62), and 2.72 (95% confidence interval: 2.05–3.60) after further adjustment for family history of diabetes, body mass
index, smoking, dietary intake and leisure time physical activity. Health behaviors and adiposity only partially influenced
the cumulative social risk and diabetes relationship.
Conclusions: Simultaneous exposure to several adverse social risk factors significantly influences the odds of diabetes.
Better prevention and control of diabetes needs accounting for all aspects of social disadvantage.
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Introduction
Diabetes is a major public health problem in the USA,
affecting 9.3% of Americans.1 Additionally, 37% of US
adults have prediabetes and are therefore at increased
risk for developing type 2 diabetes (T2DM).1 About
one in three American adults will have diabetes by
the year 2050 if current trends continue.2 Prevention
and control of diabetes are therefore an urgent priority,
thus requiring a more robust understanding of disease
determinants. Clarifying the role of socio-environmen-
tal determinants of diabetes is of importance for
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designing appropriate socially- and culturally-adapted
prevention and control interventions.3 Extant evidence
indicates that T2DM and related complications dispro-
portionally affect disadvantaged social groups. Low
income,4 low level of education,4,5 membership in a
racial/ethnic minority group,6,7 and single-living
status8,9 have been related to diabetes. Indeed, the
Eight Americas study demonstrated that health dispa-
rities can hardly be explained by race alone.10 Hitherto,
studies of social determinants of diabetes have seldom
accounted for the simultaneous or cumulative effects of
social risk factors. For example, exploration of the
cumulative effect of socio-economic position (SEP)
over the life-course has typically been done by summing
the number of times participants experienced a disad-
vantaged socio-economic situation in SEP indices rep-
resenting the accumulation of these exposures.11,12
Individuals often experience marked social disadvan-
tage in adult life from multiple types of social risk fac-
tors including not only socio-economic deprivation
(e.g. low family income, low education level),13,14 but
also racial discrimination and social isolation/low level
of social support.15 Overlooking the cumulative effect
of various social risk factors in conveying diabetes risk
fails to fully capture the real-world experience of social
disadvantage and may poorly inform approaches to
addressing social disparities in diabetes. A clearer and
better understanding of pathways through which the
accumulation of various social risk factors may influ-
ence diabetes occurrence and progression may provide
alternative approaches for addressing social disparities
in cardiometabolic health.
Using data from the National Health and Nutrition
Examination Survey (NHANES), a large US nationally
representative study, we examined the cross-sectional
association between cumulative social risk (CSR) and
diabetes, as well as the influence of potential intermedi-
ate factors, namely smoking, diet quality, physical activ-
ity, and body mass index on this putative relationship.
Methods
Study population
NHANES is a population-based survey conducted
among non-institutionalized US civilians, selected in a
stratified, multistage, and probability cluster manner.16
We used the waves of NHANES conducted between
1999 and 2006. As previously described, after a house-
hold interview, participants underwent various examin-
ations, and blood sample collection.16 We restricted our
analysis to participants aged 20 years and above. All
participants gave written informed consent before par-
ticipation. The NHANES 1999–2006 study protocol
was approved by the National Center for Health
Statistics (NCHS) of the Centers for Disease Control
and Prevention.
Measurements
Individual social risk factors. Income was assessed by using
the poverty income ratio, which is the ratio of the mid-
point of observed family income category to the official
poverty threshold (scaled to family size), published
annually by the US Census Bureau (Series P-60). We
dichotomized the poverty income ratio into below 1.00
(below the official definition of poverty) and 1.00 or
greater (income above the poverty level). Education
level was recorded as the number of years of education
attended and completed, and then categorized into and
then categorized into low education level (<12 years;
representing less than high school) and high education
level (12 years; representing high school graduate/
General Educational Development (GED) or equiva-
lent, some college or Associate degree (AA) degree, col-
lege graduate or above). Racial/ethnic group (a proxy
for assumed race-related social structural experiences,
like race discrimination) was defined by self-report as
non-Hispanic White, non-Hispanic Black, Mexican-
American or Other. Race/ethnic group was classified
into two categories: minority racial/ethnic group (non-
Hispanic Black, Mexican-American and Other) and
non-Hispanic White. Single-living status (a proxy for
social isolation and low level of social support) was clas-
sified into two groups: married/living as married, or per-
sons widowed, divorced, separated or never married.
Cumulative social risk index. Each of the four social risk
factors low family income, low education level, minor-
ity race/ethnic group status, and single-living status was
assigned a score of 1 for its presence and 0 for its
absence. A CSR index, indicating the clustering of
these factors in an individual, was created by summing
the score for each variable, with the resultant overall
score ranging from 0 to 4, with higher scores indicating
a higher level of cumulative social risk. People with a
score of 3 or 4 were combined into one category for
analyses due to small numbers in each of these cate-
gories (n¼ 1582 and n¼ 412 for categories 3 and 4,
respectively), resulting in the CSR index ranging from
0 to 3. The variance inflation factor (VIF) for social
risk factors were <1.18, indicating that multicollinear-
ity was not an issue.
Glycemic status definition. During the home interview,
participants were asked if they had ever been told by
a doctor or other health professional that they had dia-
betes (other than during pregnancy). On the basis of
this question, participants were classified as having
diagnosed diabetes. Individuals without self-reported
diabetes were diagnosed with diabetes if any of the
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following thresholds were exceeded: fasting plasma glu-
cose 126mg/dl and/or glycated hemoglobin (HbA1C)
6.5%.17
Covariates. Covariates included age, sex and potential
intermediate factors; the latter included smoking
status, physical activity, the quality of dietary intake,
and adiposity. Participants who reported currently
smoking cigarettes, cigars or pipes were considered cur-
rent smokers. Diet quality was measured by the
Healthy Eating Index (HEI) derived from 24 hour
recall.17 The total HEI score (range 0–100) is calculated
based on conforming to Food Guide Pyramid recom-
mendations, as well as recommendations for total fat,
saturated fat, sodium, cholesterol and variety. Each of
the 10 HEI component scores contributes from 0 to 10
points to the total HEI score.17 The HEI component
scores include the following measures: (i) dairy; (ii)
fruit; (iii) grain; (iv) meat; (v) vegetables; (vi) total fat;
(vii) saturated fat; (viii) sodium; (ix) cholesterol; and (x)
variety. Diet quality was dichotomized into poor (i.e. a
HEI score< 50) and not poor (i.e. a HEI score 50).18
Leisure time physical activity levels during the previous
30 days were assessed by questionnaire. Blood pressure,
body weight and height were measured using standar-
dized procedures; and body mass index (BMI) was
derived as weight (kg) divided by height (m) squared.
Obesity was defined as BMI 30 kg/m2. Lipid frac-
tions, except low-density lipoprotein (LDL)-cholesterol
levels, were measured using a Hitachi 704 Analyzer
(Boehringer Mannheim Diagnostics, Indianapolis,
Indiana). Hemoglobin was measured using a Bio-Rad
Diamant ion exchange high-performance liquid chro-
matography system.
Statistical analysis
Of the 20,311 participants aged 20 years and above, we
excluded those who had missing data on prevalent dia-
betes (n¼ 5). We further excluded participants with
missing data on the social risk factors of interest (pov-
erty index ratio (n¼ 1750), educational level (n¼ 31),
and single-living (n¼ 471) and other relevant covariates
including BMI, smoking, family history of diabetes,
healthy eating intake and physical activity (n¼ 7328).
After these exclusions, the final sample included 10,726
participants. Those excluded due to missing information
were less likely to be male (42.3% vs. 49.9%; p< 0.001)
and more likely to have low family income (21.0% vs.
17.9%; p< 0.001), belong to a minority race/ethnic
group (54.6% vs. 48.5%; p< 0.001), have low education
(37.8% vs. 31.4%; p< 0.001), and to live as a single
person (33.4.8% vs. 26.8%; p< 0.001).
Baseline demographic, socioeconomic, behavioral,
and biochemical characteristics were compared by
diabetes status using Student’s t-test for continuous
variables and Chi-square tests for categorical variables.
Continuous variables were presented as mean (standard
deviation (SD), and categorical variables as
percentages.
Logistic regression models were used to estimate odd
ratios (ORs) for the association between social risk fac-
tors and diabetes risk. We first examined the associ-
ation of each individual social risk factor of interest
(low family income, low educational level, minority
racial/ethnic group status, and single-living status)
with diabetes, accounting for other social risk factors.
Regarding the cumulative social risk score, and its rela-
tion to diabetes risk, we built sequential models, to esti-
mate ORs for diabetes by levels of the combined score
of adverse sociodemographic characteristics (CSR
index of 0 was the reference group). We first adjusted
for age, sex, and family history of diabetes. Then, to
evaluate potential intermediate pathways by which
clustering of social risk factors might lead to diabetes,
we additionally adjusted for BMI, smoking status,
physical activity levels and the quality of dietary
intake. Linear dose-dependent associations between
the CSR index and diabetes status were examined by
including the index in models as a continuous variable
and performing a linear trend test.
A two-sided p-value of 0.05 was used to define stat-
istical significance for all analyses
All analyses were done using complex survey meth-
ods to account for the clustered design (sampling and
weighting processes) with the Stata software, version
13.0 (StataCorp LP, College Station, TX, USA).
Results
Table 1 summarizes the baseline characteristics of par-
ticipants by diabetes status. Among the 10,276 partici-
pants with complete data, 10% (n¼ 1515) of
individuals had diabetes. The latter group was older,
less physically active, more likely to be obese, less
likely to be smokers, and had a better quality dietary
intake than those without diabetes. Not surprisingly,
individuals with diabetes had higher fasting plasma
glucose, glycated hemoglobin, and total cholesterol.
A weighted total of 32.3% of participants reported at
least one social risk factor; 9.0% reported three
or more.
As shown in Table 2, after adjustment for age, sex
and family history of diabetes, people with low educa-
tional level (OR¼ 1.51, 95% confidence interval (CI):
1.30–1.75) or belonging to a minority racial/ethnic
group (OR: 1.82, 95% CI: 1.57–2.12) had a higher
odds of diabetes. However, low family income
(OR¼ 1.24, 95% CI: 0.98–1.58) and single-living
status (OR¼ 1.03, 95% CI: 0.84–1.25) were not related
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to diabetes. Further adjustment for BMI, smoking
status, dietary intake and leisure time physical activity,
which can potentially be on the pathway from social
risk factors to T2DM, did not change the magnitude
and significance of the associations (Table 2). The dir-
ection and magnitude of these associations were not
influenced by the simultaneous adjustment for other
social risk factors (data not shown).
Table 1. Characteristics of participants to the National Health and Nutrition Examination Survey 1999–2006.
Diabetes No diabetes p-value
Variablesa N¼ 1515 N¼ 9211
Age, years 58.5 (0.5) 44.9 (0.3) <0.0001
Male sex, n (%) 760 (49.8) 4589 (48.6) 0.36
Smoking, n (%) 417 (19.0) 3507 (25.2) <0.0001
Diet quality index – Healthy Eating Index 49.0 (0.4) 50.4 (0.2) 0.0007
Physical activity levels
0min/week, n (%) 851 (50.2) 3782 (34.0) <0.0001
1–149min/week, n (%) 290 (20.0) 2040 (24.2) <0.0001
150min/week, n (%) 29.81 (374) 3389 (41.9) <0.0001
Body mass index, kg/m2 32.0 (0.3) 27.7 (0.1) <0.0001
Waist circumference, cm 107.9 (0.7) 95.3 (0.2) <0.0001
Fasting plasma glucose, mg/dl 160.1 (3.4) 95.3 (0.3) <0.0001
Hemoglobin A1C, % 7.2 (0.065) 5.3 (0.009) <0.0001
Total cholesterol, mg/dl 206.9 (1.9) 202.1 (0.7) 0.05
Individual social risk factors
Low family income, n (%) 332 (16.7) 1588 (13.0) 0.012
Low education level, n (%) 703 (33.3) 2667 (17.9) <0.0001
Minority race/ethnicity (not White), n (%) 888 (34.3) 4318 (26.3) <0.0001
Persons living alone, n (%) 597 (37.2) 3469 (34.9) 0.22
Cumulative social risk index
0, n (%) 261 (31.3) 2664 (43.0) <0.0001
1, n (%) 466 (34.3) 2829 (32.2) <0.0001
2, n (%) 418 (20.2) 2258 (16.6) <0.0001
3, n (%) 370 (14.3) 1460 (8.4) <0.0001
aData are mean (standard error) unless specified otherwise.
Table 2. Relationship between social risk factors and diabetes in the National Health and Nutrition Examination Survey 1999–2006.
Odds ratio (95% confidence interval)
Single social risk factors Model 1 Model 2 Model 3 Model 4
Low family income 1.25 (1.01–1.55) 1.24 (0.98–1.58) 1.21 (0.96–1.52) 1.18 (0.94–1.48)
Low education level 1.50 (1.29–1.74) 1.51 (1.30–1.75) 1.53 (1.33–1.76) 1.49 (1.28–1.73)
Minority ethnic group 1.85 (1.59–2.16) 1.82 (1.57–2.12) 1.82 (1.56–2.12) 1.81 (1.55–2.12)
Persons living alone 1.016 (0.84–1.23) 1.03 (0.84–1.25) 1.06 (0.87–1.29) 1.06 (0.87–1.28)
Combination of social risk factors
Cumulative social risk index
1 1.53 (1.28–1.82) 1.47 (1.23–1.76) 1.51 (1.25–1.82) 1.49 (1.23–1.80)
2 2.02 (1.48–2.76) 2.02 (1.49–2.75) 2.02 (1.50–2.73) 1.95 (1.43–2.64)
3 2.84 (2.23–3.62) 2.75 (2.15–3.53) 2.83 (2.17–3.68) 2.72 (2.05–3.60)
p of trend< 0.001 p of trend< 0.001 p of trend< 0.001 p of trend< 0.001
Model 1: adjusted for age and sex; Model 2: Model 1þ family history; Model 3: Model 2þ body mass index; Model 4: Model 3þ smoking status, dietary
intake, and leisure time physical activity.
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Examination of the cumulative effect of these social
risk factors (Table 2), after adjustment for age, sex and
family history, revealed an increased odds of diabetes
across levels of CSR compared with the reference level
(CSR¼ 0). Further adjustment for BMI and potential
mediators including health behaviors (smoking status,
dietary intake, and leisure time physical activity) had a
minimal effect on the association of each level of CSR
and diabetes (Table 2). Compared with those without
exposure to any social risk, participants exposed to 3
social risk factors had the highest odds of diabetes
(OR¼ 2.72, 95% CI: 2.05–3.60). Additional control
for BMI, smoking status, dietary intake, and leisure
time physical activity, which can mediate the associ-
ation of CSR and T2DM, did not change the magni-
tude and significance of the associations (Table 2).
There was a statistically significant linear trend in the
association between an increasing number of social risk
factors and odds of diabetes (p for trend< 0.001). For
each one-point increase in the CSR score, the OR for
diabetes was 1.39 (95% CI: 1.26–1.53).
Discussion
Our findings suggest that an accumulation of social risk
factors most likely has a more significant influence on
the odds of diabetes than social risk factors taken indi-
vidually. Indeed, adults exposed to three or more social
risk factors had close to three-fold increased odds of
T2DM, even after accounting for potential confoun-
ders or components of the causal pathways linking
social risk factors to diabetes, such as obesity, physical
inactivity, and dietary intake.
To our knowledge, this is one of the few studies that
examines the cumulative influence of adverse social fac-
tors on the odds of T2DM, hence accounting for a
broader exposure that captures various aspects of
social disadvantage. This report also extends previous
findings by highlighting the salience of cumulative
social risk exposure. There may be an overlap between
individual social risk factors,19 probably reflecting a
broader ‘‘global social risk factor’’ such as a social dis-
advantage. Previous studies seldom accounted for the
clustering of social risk factors in relation to diabetes.
Studies typically examined the cumulative effect of
social disadvantage by summing the effect of a single
measure (e.g. manual occupational class or education)
or a composite of socio-economic status assessed at
different periods of the participants’ lifespan.12,20,21
While these studies provided an important life-course
perspective, only using lower socio-economic status as
a proxy for cumulative social disadvantage fails to
capture all aspects of social disadvantage or socio-
economic exposures on the risk for diabetes. Given
that socio-economic deprivation may cluster with
other types of social disadvantage such as racial dis-
crimination and social isolation or low level of social
support, our cumulative social risk measure may better
capture the totality of social disadvantage.
Potential mechanisms
The biological pathways through which an accumula-
tion of social risk factors would lead to diabetes remain
unclear. Exposure to social stressors is posited to
increase diabetes risk through behavioral factors and
activation of the hypothalamic–pituitary–adrenal
(HPA) axis; however, few empirical studies have rigor-
ously tested these pathways in the development of dia-
betes.22 It is hypothesized that social stressors adversely
affect health behaviors, such as diet, physical activity,
smoking, and alcohol use, partly accounting for the
high rates of obesity and diabetes seen among minori-
ties and lower social status populations who largely
experience a greater number of stressors than non-min-
ority populations. For example, eating more in
response to stress was found to partially explain the
relationship between history of violence experience
and obesity.23 Another proposed mechanism linking
social stress and obesity/diabetes is a direct stress
response through activation of the HPA axis, which
in response to chronic stress has been associated
with the dysregulation of cortisol.24 In turn, HPA
axis dysfunction has been associated with both obesity
and diabetes.22,25 Epigenetic modifications, heritable
and potentially modifiable markers that regulate gene
expression without changing the underlying DNA
sequence, may explain the mechanisms underlying
social determinants of diabetes, as epigenetic markers
are responsive to non-biological and environmental
exposures, particularly those encountered in early
life.26–28 Indeed, existing evidence suggest an associ-
ation of socio-economic circumstances with global and
genome-wide DNA methylation.29–31 Understanding
how social factors combine with biological pathways
that lead to diabetes can inform translational research.
Indeed, this can help to identify targets for change in
intervention studies (e.g. decreasing social stressors at
individual or neighborhood levels) or identify points for
interventions (e.g. improving healthcare resources for
individuals or neighborhoods experiencing high levels
of social stressors).
Implications of findings
Our results have several implications. These data sug-
gest that diabetes prevention and control strategies that
do not account for all aspects of social disadvantage
may have a limited success. Our findings support the
importance of targeting the social environment for
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reducing the risk and burden of diabetes. The develop-
ment of community-based diabetes prevention transla-
tional programs is still in its infancy,32 and improving
their impact requires more knowledge on aspects of
social disadvantage that are important for a cultural
adaptation, as well as on the mechanisms by which
social disadvantage affects the cost-effectiveness of inter-
ventions. Socially disadvantaged populations, especially
minorities with limited access to health care, pose unique
challenges. They may require investments in terms of
time, human capital, and community resources, which
would most likely extend beyond the scope of short
physician office visits.33 The inclusion of a CSR index
in diabetes risk assessment tools may improve the iden-
tification of at-risk individuals who could be offered tar-
geted enhanced or supplemented care, including longer
or more frequent visits, as well as encouraging access to
community based interventions designed to reduce the
impact of social risks. In the UK, for example, social
deprivation has been included in risk assessment tools
to identify those at high risk of diabetes;34 however, this
was based on area level socio-economic status and lim-
ited to individual measures of social disadvantage. From
a broader policy perspective, the clustering of indicators
of social disadvantage in the population indicates the
need to address the distal determinants (i.e. upstream
social factors) rather than focusing solely on proximal
risk factors, especially given that the more distal social
risk factors have a greater influence on a range of health
conditions. Indeed, effective intervention to reduce dis-
parity in diabetes risk and outcomes may be multilevel
strategies targeting individuals, providers, health care
organizations, community and health care systems,
and health policy.
Strengths and limitations
The strengths of this study include an examination of a
wide range of social risk factors, and their cumulative
deleterious effects in a large sample of the US popula-
tion, accounting for various aspects of social disadvan-
tage which have not been extensively examined
previously.
Our study has limitations that merit consideration.
First, oral glucose tolerance test was not undertaken;
hence the resultant potential misclassification with an
underestimation of diabetes frequency biasing our
results toward the null. Second, the cross-sectional
design of this study does not allow demonstration of
a temporal relationship between clustering of social risk
factors and diabetes. Thirdly, the cumulative social risk
metric assigns equal weights to all risk factors and
therefore making the assumption that the risk factors
are interchangeable, with components being
unweighted. The CSR index assumes that the
confluence of social risk factors rather than any single
social risk factor is what leads to diabetes. This
approach probably simplifies a complex pathway; how-
ever, there is no agreement on which social risk factors
confer a greater level of risk or whether weighted
models outperform unweighted models. However, the
CSR models reflect the natural covariation of these
social risk factors and it is parsimonious. Another
advantage to the CSR model is its simplicity, which
makes it readily understandable and communicable to
policymakers. Furthermore, we checked our assump-
tion of additivity by examining individual social risk
factors and CSR in relation to T2DM simultaneously,
which amounted to the attenuation of the CSR effect,
suggesting additive rather than synergistic effects of
social risk factors. Fourth, single-living, though an
easy-to-measure proxy for social isolation and low
level of social support, may not be the best of such
measures for exploring diabetes as there have been sug-
gestions that living alone is associated with T2DM in
men but not women.9
Finally, the current proportion of people exposed to
social risk factors in the US population may differ from
estimates dating back to the study period.
Conclusion
In summary, we found that an accumulation of social
risk factors increased the likelihood of T2DM. This
relationship appeared to be mainly driven by the par-
ticipants’ educational levels and ethnicity. The sizable
toll that simultaneous exposure to a multitude of social
risk factors takes on T2DM risk points toward the need
for appropriate clinical and preventive strategies that
allocate sufficient and specific resources to address the
needs of socially disadvantaged groups.
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